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The mumps virus is a negative-strand RNA virus in the family Paramyxoviridae. Mumps infection results in
an acute illness with symptoms including fever, headache, and myalgia, followed by swelling of the salivary
glands. Complications of mumps can include meningitis, deafness, pancreatitis, orchitis, and first-trimester
abortion. Laboratory confirmation of mumps infection can be made by the detection of immunoglobulin
M-specific antibodies to mumps virus in acute-phase serum samples, the isolation of mumps virus in cell
culture, or by detection of the RNA of the mumps virus by reverse transcription (RT)-PCR. We developed and
validated a multiplex real-time RT-PCR assay for rapid mumps diagnosis in a clinical setting. This assay used
oligonucleotide primers and a TagMan probe targeting the mumps SH gene, as well as primers and a probe
that targeted the human RNase P gene to assess the presence of PCR inhibitors and as a measure of specimen
quality. The test was specific, since it did not amplify a product from near-neighbor viruses, as well as sensitive
and accurate. Real-time RT-PCR results showed 100% correlation with results from viral culture, the gold
standard for mumps diagnostic testing. Assay efficiency was over 90% and displayed good precision after
performing inter- and intraassay replicates. Thus, we have developed and validated a molecular method for

rapidly diagnosing mumps infection that may be used to complement existing techniques.

Mumps infection results in an acute illness with symptoms
which often include fever, headache, and myalgia, followed by
swelling of the salivary glands. The parotid salivary glands
(which are located within the cheek, near the jaw line, and
below the ears) are the areas most frequently affected. Com-
plications of mumps can include meningitis, deafness, pancre-
atitis, orchitis, and first-trimester abortion (14). Vaccines for
mumps have been available since the 1960s and, in the United
States, the live attenuated Jeryl-Lynn strain is included in the
measles, mumps, rubella (MMR) vaccine (6). The MMR vac-
cine is currently given on a two-dose schedule, and proof of
vaccination is required for entry into U.S. schools. One dose of
mumps containing vaccine has an efficacy of 88% (8), with
efficacy increasing to approximately 95% with two doses (4).
Since the MMR vaccine went into routine use in the United
States, the incidence of mumps has been reduced by =97% (6),
with an average of 265 cases reported per year since 2001 (3).

In December 2005, a mumps epidemic occurred in the state
of Towa, with a total of 1,643 confirmed cases and 315 probable
cases reported by the Iowa Department of Public Health by
September 2006 (2). The mumps epidemic spread to neighbor-
ing states, with over 1,000 confirmed and probable cases re-
ported by May 2006 in Illinois, Kansas, Missouri, Nebraska,
Pennsylvania, South Dakota, and Wisconsin (3). At present, it
is unclear why the epidemic occurred in this highly vaccinated
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population. Possibilities include waning immunity in vacci-
nated individuals and an immune response in vaccinated indi-
viduals that was not fully protective against the mumps viral
strain that caused the epidemic (1, 15, 18, 20, 21). Investiga-
tions to address these possibilities are in progress.

Laboratory confirmation of mumps infection can be made by
the detection of immunoglobulin M (IgM) antibodies specific
to mumps virus in acute-phase serum samples, by the isolation
of mumps virus in cell culture, or by the detection of the
mumps virus RNA by reverse transcription (RT)-PCR. In an
unvaccinated individual, mumps-specific IgM antibodies do
not appear until 3 to 4 days after the onset of symptoms.
However, in previously vaccinated individuals who become
infected with mumps, the timing and duration of the IgM
response are much more variable or nonexistent. In a non-
vaccinated individual, mumps virus RNA can be detected in
saliva and urine samples for up to 13 days after the onset of
symptoms (16, 23, 24).

Mumps virus is a negative-strand RNA virus in the family
Paramyxoviridae. The mumps virus genome contains seven
genes encoding the nucleocapsid (N), phosphoprotein (P),
membrane (M), fusion (F), small hydrophobic (SH), hemag-
glutinin-neuraminidase (HN), and large (L) proteins (14). The
SH gene, which encodes a protein of 57 amino acids that is
thought to block apoptosis in infected cells (25), is the most
variable region of the mumps genome and is used to genotype
mumps strains (10, 17). In this report, we describe the develop-
ment and validation of a multiplex real-time RT-PCR test for the
detection of RNA from mumps virus in patient specimens, using
primers and probes that target the mumps SH gene and the
human RNase P (RNP) gene as an internal control.
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TABLE 1. Primer and probe sequences

Binding site nucleotides

Primer/probe Sequence on mumps genome
SH-2S 5" AATGAATMTCMIRGGGTCGTAACGTCTC 6221-6248
SH-2AS 5" GGACTYGYCCIRIYTRRRGATCTTYC 6421-6441
SH-1S 5" GTSACCCTGCIGTIGSACTATG 6249-6271
SH61F 5" GTG ACC CTG CCG TTG CA 6249-6265
SH147R 5" GTT ATG ATC AGA GAG AGA AGA ATT AGC AAT AG 6304-6335
SH79P2 5" FAM-TAT GCC GGC GAT CCA ACC TCC CTT ATA-BHQ“ 6267-6293

“The SH dual-labeled TagMan probe was labeled at the 5’ terminus with the reporter molecule 6-carboxyfluorescein (FAM) and at the 3’ terminus with Blackhole

Quencher 1 (BHQI).

MATERIALS AND METHODS

Viral strains used in this study. Nucleic acid was extracted from cell cultures
infected with the mumps Jeryl-Lynn strain, mumps wild-type virus strain geno-
type D, parainfluenza virus type 1 (four isolates), parainfluenza virus type 3
(eight isolates), respiratory syncytial virus (RSV; four isolates), measles virus,
influenza A, influenza B, adenovirus, herpes simplex virus (HSV), and entero-
virus strain Coxsackie A9. All viral strains were obtained from stock cultures
grown in primary rhesus monkey kidney cells at the University of lowa Hygienic
Laboratory or grown in Vero cells at the Centers for Disease Control and
Prevention. Patient specimens of mumps virus from the University of Iowa
Hygienic Laboratory were used in the development and validation process;
however, all patient identifiers were removed in compliance with policies of the
University of Towa institutional review board.

Specimen criteria. Oral/buccal specimens were collected by massaging the
parotid gland area for 30 seconds prior to collecting secretions with a Dacron tip
swab with an aluminum or plastic shaft. Swabs were placed in 3-ml viral transport
medium and stored and shipped cold (4 to 8°C). The specimen (140 pl) was used
for nucleic acid isolation, and 200 pl was inoculated onto Vero cell shell vials for
viral culture.

Oligonucleotide primers and probes for SH, RNase P, and synthetic RNA.
Primers and probes used for the mumps diagnostic testing (SH61F, SH147R, and
SH79P2) were designed using Primer Express software (Applied BioSystems,
Foster City, CA). Primer sequences are shown in Table 1, and binding sites on
the mumps genome (genotype G) are presented in Fig. 1. The primers amplified
an 86-base-pair fragment, nucleotide numbers 6249 to 6335 of the mumps viral
genome (GenBank accession number NC_002200.1). SH dual-labeled TagMan
probe was labeled at the 5’ terminus with the reporter molecule 6-carboxyfluo-
rescein (FAM) and at the 3’ terminus with the quencher Blackhole Quencher 1
(BHQ1) (Biosearch Technologies, Inc., Novato, CA). All primers and probes
were high-performance liquid chromatography purified. For RNase P amplifi-
cation, we used primers RNP309F (5" AGA TTT GGA CCT GCG AGC G) and
RNP353R (5" GAG CGG CTG TCT CCA CAA GT) and probe RNPpr (5' TTC
TGA CCT GAA GGC TCT GCG CG) (5). These primers amplify a 64-base-pair
fragment, base pairs 309 through 373, of the Homo sapiens RNase P/MRP
30-kDa subunit (GenBank accession number BC006991.1). The RNP TagMan
probe is labeled at the 5" terminus with the reporter molecule dichlorodime-
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thoxyfluorescein (JOE) and at the 3’ terminus with the quencher 5-carboxytet-
ramethylrhodamine (TAMRA). The probe was phosphorylated at the 3’ end to
prevent elongation during PCR. The human RNP gene primer and probe set
served as an endogenous internal control to monitor for inhibition of the PCR
and as a positive extraction control. This target cannot be used as a control for
RT since it will detect both RNA and DNA.

Synthetic SH gene RNA was produced by using the same method previously
described for measles virus (9). Briefly, the SH gene was amplified from infected
cell RNA, using the primer sets described by Jin et al. (10), with the forward
primer modified to include a T7 promoter. This PCR product served as a
template for an in vitro transcription reaction, and the RNA transcripts were
treated with DNase before being purified by phenol-chloroform extraction. The
transcript was shown to be a single product of approximately 670 bases by gel
electrophoresis, and there was no amplicon generated when a sample containing
1,000 copies of the transcript was amplified without the addition of reverse
transcriptase (Fig. 2).

Mumps shell vial culture. Shell vial culture was performed by the method
described by Germann et al., with minor modifications (7). Briefly, Vero cell
shell vials were inoculated with 0.2 ml of specimen, centrifuged at 700 X g for
30 min, and incubated at 36°C for 5 days. The cell monolayers were washed
twice with phosphate-buffered saline, fixed with acetone, and stained by using
a Light Diagnostics mumps immunofluorescence assay kit, following the
manufacturer’s instructions (catalogue number 3140; Chemicon Interna-
tional, Inc., Temecula, CA).

Nucleic acid extraction and real-time RT-PCR assay. Nucleic acid extractions
were performed manually with a QIAamp Viral RNA minikit (QIAGEN, Va-
lencia, CA), following manufacturer’s instructions, with the exception of elimi-
nating the DNase treatment of the final product. The RT-PCR was carried out
using TagMan One-Step RT-PCR Master Mix reagents kit (Applied Biosystems,
Foster City, CA) in a 25-pl total volume that included 5 pl of extracted patient
specimen nucleic acid, 300 nM each of the final concentrations of SH primers,
and 100 nM SH probe. The final concentration of each RNP primer was 25 nM
and 100 nM for each RNP probe. The cycling conditions used for the real-time
RT-PCR were 48°C for 45 min and 95°C for 10 min, followed by 40 cycles of 95°C
for 15 seconds and 60°C for 60 s. Fluorescence data were collected during the
60°C annealing/elongation step. The protocol was optimized for use on a 96-well
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FIG. 1. Primer and probe binding sites (shaded sequences) for real-time RT-PCR on the mumps SH gene (GenBank accession number

AF280799).
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FIG. 2. The lower limit of detection of the RT-PCR assay’s ability to amplify SH was determined by amplification of synthetic SH gene RNA.
Dilutions (10-fold) of two preparations of synthetic RNA containing the mumps SH were prepared and tested with the real-time RT-PCR assay,
either with (triangle and diamond symbols) or without (squares) reverse transcriptase. C; values were obtained for each dilution and number of

copies of synthetic RNA per reaction.

format thermocycler, an ABI 7500, 7700, and 7000 (Applied Biosystems, Foster
City, CA). For the 7500 and 7000 machines, the 9600 emulation was enabled. The
primer and probe sets were also tested under the same cycling conditions using
reagents within the TagMan PCR core reagents kit (Applied Biosystems), as
follows: 5.5 mM MgCl,, 300 uM dATP, 300 pM dCTP, 300 uM dGTP, 600 pM
dUTP, 0.025 U/ul AmpliTaq Gold, plus 0.25 U/l MultiScribe reverse tran-
scriptase and 0.4 U/l RNase inhibitor (Applied Biosystems).

The real-time PCR primers F1073 and R1151 and the probe developed by
Uchida et al. were used for the detection of RNA from the mumps F gene (22).
Optimization of RT-PCR was performed by various primer and probe concen-
trations and PCR cycling conditions to obtain a one-step real-time RT-PCR with
the TagMan One-Step RT-PCR Master Mix reagents kit (Applied Biosystems,
Foster City, CA) in a 25-pl total volume, using 5 pl of patient specimen nucleic
acid. The following conditions gave the best results and were used for F gene
detection (see Fig. 4): 667 nM of each primer and 133 nM of probe; cycling
conditions were 48°C for 45 min, followed by 95° for 10 min, then 40 cycles of
95°C for 15 s, and 59°C for 1 min.

Interpretation and analysis. A sample is considered positive by real-time
RT-PCR if it crosses the threshold before a cycle threshold (C;) value of 36.5
and is considered equivocal if the C value is =36.6 and <40. The multicompo-
nent curve must also reflect that the C;- value, determined by SDS software, is the
result of a true amplification event. A clinical sample is considered negative if the
RNP value is <40 and the SH C; value equals 40 or is undetected (“undet”).
RNP amplification serves as a positive control that indicates that specimen
collection was adequate and that nucleic acid extraction and PCR amplification
did occur. Failure to detect RNP in any of the clinical samples may indicate any
of the following: improper extraction of nucleic acids from clinical materials
resulting in the loss of RNA, the presence of RT-PCR inhibitors in clinical
specimens, the absence of sufficient human cells in the sample to enable detec-
tion (i.e., poor specimen collection), an improper assay setup and execution,
and/or reagent or equipment malfunction. In these cases, the result was reported
as “indeterminate.” To determine the efficiency of the real-time RT-PCR, C
values from a series of 10-fold dilutions of template nucleic acid were plotted on
the y axis versus the log of the dilution on the x axis, and the slope of this line was
used in the efficiency (E) equation E = 10¢/slope),

Sequencing the mumps SH gene. The mumps SH gene was sequenced and
analyzed using a protocol modified from that of Palacios et al. (17). Nucleic acids
were extracted from mumps shell vial cultures of 34 patient specimens. The SH
gene was amplified with a TagMan One-Step RT-PCR Master Mix reagents kit
(Applied Biosystems, Foster City, CA) and primers mumps SH-2S and mumps
SH-2AS (Table 1) (17). Cycling conditions were 42°C for 45 min and 94°C for 10
min, followed by 40 cycles of 94°C for 1 min, 50°C for 1 min, and 68°C for 1 min.

Amplified product was purified directly from the PCR using a QIAquick PCR
purification kit (QIAGEN, Valencia, CA). Primer SH-1S was used to sequence
purified PCR product at the University of Iowa DNA facility. The sequence was
analyzed using the mumps virus database found at http://www.greeneidlab
.columbia.edu. This site performs global alignments based on a comprehensive
mumps virus database with the Needleman-Wunsch algorithm to assign geno-
types to mumps virus isolates based on the SH gene sequence (17).

RESULTS

Specificity. The specificity of primers and probe for mumps
virus used in this protocol was evaluated in silico by performing
a BLAST search at http://www.ncbi.nlm.nih.gov, and no signif-
icant matches were found to DNA sequences other than that
for the mumps virus. Specificity was determined empirically by
testing nucleic acids that were extracted from cell cultures
infected with a variety of agents, including three different ge-
notypes (A, D, and G) of mumps virus, mumps culture-positive
patient specimens, mumps culture-negative patient specimens,
other human paramyxoviruses, and other respiratory viruses
that could be isolated from similar specimen types. We ob-
served positive results from mumps strains A, D, and G. How-
ever, no product was detected from cultures of parainfluenza
virus type 1 (four isolates), parainfluenza virus type 3 (eight
isolates), RSV (four isolates), measles virus, influenza A and
influenza B virus, adenovirus, HSV-1, and enterovirus strain
Coxsackievirus A9.

The real-time RT-PCR assay detected mumps virus in 34 of
34 buccal/oral swab original specimens that had previously
tested positive by viral culture. No positive PCR results were
obtained from 40 mumps culture-negative specimens, and the
RNP internal control was detected in all specimens. DNA
sequence analysis of the SH gene from 31 PCR-positive spec-
imens determined that each was mumps genotype G and that
all were identical in sequence except for a G/T-variable nucle-
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TABLE 2. Limits of detection”
C value for patient swabs C value for control strain
Dilution Patient A Patient B Patient C Jeryl-Lynn Mumps D
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2
0 19.9 19.49 21.02 21.12 28.32 28.4 24.61 25.48 20.48 20.34
107t 22.97 22.82 24.46 24.31 31.58 31.34 28.31 29.85 23.66 24.01
102 26.49 25.9 27.72 28.25 34.1 34.15 32.09 33.64 27.09 27.24
1073 29.56 29.46 32.02 31.4 38.19 Undet 35.25 35.8 31.3 31.49
1074 32.97 32.65 35.29 35.09 Undet Undet 36.98 Undet 36.37 33.81
1073 35.91 Undet Undet 37.23 Undet Undet Undet Undet Undet Undet
10 37.29 Undet Undet Undet Undet Undet Undet Undet Undet Undet
1077 Undet Undet Undet Undet Undet Undet Undet Undet Undet Undet
1078 Undet Undet Undet Undet Undet Undet Undet Undet Undet Undet

“ A, B, and C represent individual patient buccal swabs that were placed into Vero cell shell vial cultures. Total nucleic acid was extracted from the supernatants
following incubation for 5 days. The C; value for each 10-fold dilution of replicate (Rep) test is recorded. C values in bold type represent robust limits of detection
for a positive result. Undet, undetected. This value would correspond to the limit of quantification if the assay was performed with a standard curve. Positive results
beyond the limit of quantification represent the equivocal range of the assay, where results do not necessarily repeat due to well-known stochastic sampling events.

otide at position 86 in the coding sequence of the gene (GenBank
accession number DQ661745). Nucleic acids from mumps vac-
cine strain A (Jeryl-Lynn) and mumps genotype strain D were
sequenced as controls and, as predicted, were determined to be
genotypes A and D, respectively.

Sensitivity and efficiency. Assay sensitivity was assessed by
determining the limit of detection from a dilution series of
nucleic acid extracted from cell cultures infected with buccal
swab specimens from three different patients and two control
strains (Table 2). We found that mumps virus could be de-
tected in dilutions ranging from 10- to 10,000-fold. The test
equivalence range appears to be a C, value of approximately
36. Results for dilutions beyond a C; value of 36 for each
sample were not reproducible, most likely due to well-recog-
nized stochastic properties of PCR with highly diluted nucleic
acids. The data presented in Table 2 were used to determine
the efficiency of the real-time RT-PCR amplification as de-
scribed in Materials and Methods. The amplification efficiency
and coefficient of variation (CV) were 93.3% = 2.9% and
3.1%, respectively, for mumps strain D; 96.3% * 6.8% and
7.1%, respectively, for strain A (Jeryl-Lynn); and 105.3% =
14.345% and 13.6%, respectively, for strain G. In addition, we
determined the efficiency of RNP amplification from a log
dilution series of RNA extracted from two original patient
specimens to be ~ 83% (data not shown).

The real-time assay targeting the mumps SH gene could
reliably detect as few as 10 copies of synthetic SH RNA ata C.
of 36 (Fig. 2). At the rate of one copy of SH RNA per reaction,
some of the replicates had C; values in the equivocal range,
and two of four replicates had C, values >40. All replicates
were negative (C of >40) at 0.1 copy of RNA. The amplifi-
cation was linear over a 5-log range in RNA concentrations
(Fig. 2) (* = 0.994; slope, —3.27), and the calculated efficiency
was 102%.

Precision. Precision of the assay was determined by per-
forming replicate testing with 34 patient specimens that ini-
tially tested positive by RT-PCR, with positive results for each
of these specimens confirmed by viral culture. The results from
three separate PCR assays performed by different technolo-
gists with two different ABI 7500 PCR machines using two lots
of reagents are presented in Fig. 3. The results range from a C.

of 26.35 to 36.03. For all of the specimens tested, the CV value
(standard deviation/mean) was below 10%. The average CV
for 34 patient samples was 3.4% = 1.9% for SH and 2.2% =
1.2% for RNP, suggesting a high level of assay robustness. The
interassay variation was also much greater than the intraassay
variation, as might be expected.

This assay was developed on an ABI 7500 platform. How-
ever, it was also tested on an ABI 7000 and an ABI 7700. A
comparison of C; values obtained from the ABI 7500, ABI
7700, and ABI 7700 performed with nucleic acids extracted
from 12 patient specimens, using the same PCR master mix,
template RNA, and PCR conditions, demonstrated that these
platforms varied in performance. ABI Prism 7700 was the most
sensitive instrument and had values that were, on average, ~2
C values lower than those with the ABI 7500. The ABI 7000
had ~3 C, values higher than those of the ABI 7500, resulting
in one specimen with a C;. value in the equivocal range on the
7000 compared to that on the ABI 7500 (data not shown).

The protocol for nucleic acid extraction was also performed
using the automated MagNA Pure LC Instrument (Roche
Diagnostics Corp., Indianapolis, IN), yielding C;, values
(within 1 C; value) comparable to those obtained with manual
QIAGEN extractions (data not shown). Similar RT-PCR re-
sults were also obtained using a different PCR master mix
setup, the TagMan PCR Core reagents kit with Multiscribe
reverse transcriptase (data not shown) (Applied Biosystems).

Comparison to the F gene real-time assay. We compared the
RT-PCR assay described here to a previously published real-
time assay performed by Uchida and colleagues that targeted
the F gene of mumps virus in a two-step real-time RT-PCR
(22). We chose the method of Uchida et al. for comparative
studies because, at the time we initiated this study, it was the
only published real-time RT-PCR assay that had been tested
with patient specimens. We modified the protocol to use the
primer and probe set in a one-step assay. In our hands, this
target and protocol were not as sensitive as the SH RT-PCR
test reported here, because it did not detect mumps virus from
two of 11 patient specimens that were confirmed as culture
positive and had higher C; values overall when tested by using
a variety of dilutions of mumps shell vial cultures from patient
specimens (Fig. 4). Attempts to increase the sensitivity of the
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FIG. 3. SH and RNP multiplex amplifications of 34 patient buccal swab specimens. (A) C; values obtained from patient buccal swab specimens,
using the SH primers and probe. (B) C; values obtained from the same patient specimens, using the RNase P primers and probe. Values shown
are the means * standard deviations from three experiments that were performed by different technologists on different days.

assay by adjusting primer and probe concentrations were not
successful (data not shown). We chose not to test other pub-
lished PCR protocols for mumps detection because they did
not utilize one-step, real-time RT-PCR (11-13, 17, 19).

DISCUSSION

In this study, we validated a real-time RT-PCR assay for the
detection of RNA from mumps virus, using samples obtained
during a mumps epidemic in the Midwestern United States in
2006. Our goal was to develop a one-step, real-time RT-PCR
test that contained an internal control for nucleic acid extrac-
tion and PCR inhibition, as this format would be optimal to
apply in an outbreak situation. We found that the test was
specific and showed a 100% correlation with results from viral

culture. All specimens that have been detected by RT-PCR
were confirmed to be positive by viral culture. This suggests a
high degree of accuracy for the molecular test, since viral
culture is considered to be the gold standard for mumps diag-
nostic testing.

RT-PCR results in the equivocal range could not be con-
firmed by viral culture. The reasons for this could be a very low
viral load or nonviable viral particles in the original specimen
or a false-positive result due to contamination or cross-reac-
tion. However, contamination is a less likely explanation, since
none of our Quality Control indicators (one negative extrac-
tion control per five specimens, negative PCR amplification
controls, and environmental wipe testing) indicated contami-
nation was present. Additionally, PCR testing was performed
using directional work flow, dedicated equipment, and separa-
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FIG. 4. The RT-PCR assay used to amplify the SH gene is more
sensitive than the assay used to amplify the F gene. Eleven patient
specimens were tested for the presence of mumps, using SH gene
primers or F gene primers. The C; values presented are from one
experiment that is representative of several experiments utilizing dif-
ferent assay conditions for F gene detection that included modification
of primer and probe concentrations and RT and PCR temperatures
and times.

tion of PCR activities. The C; values ranged from ~26 to 36
for the patient specimens tested, so it is likely that some spec-
imens would have had viral levels in the assay equivocal range.
To date, we have tested 1,515 specimens, with only five (0.3%)
that fell in the equivocal range (data not shown). The paucity
of RT-PCR equivocal results strongly suggests that this test is
not significantly more sensitive than viral culture in the diag-
nosis of mumps infection. It is important to note that the
shedding of virus may be less frequent, of shorter duration, or
of lower intensity when the infection has occurred in a previ-
ously vaccinated individual. In addition, sample collection and
transport procedures can affect specimen quality and have an
impact on the apparent sensitivity of any assay. The analytic
sensitivity of this assay was determined by performing limiting
dilution experiments using both mumps culture supernatants
and original patient specimens. We could reliably detect
mumps virus over a range of 5 logs to a C; value of approxi-
mately 36, with an assay efficiency of over 90%. This suggests
that the sensitivity of the PCR assay is sufficient for the purpose
of detecting mumps virus in patient specimens.

We found <10% variation for 34 specimens tested in trip-
licate, using different technologists and lot numbers of re-
agents, indicating a high level of precision. Most of the varia-
tion came from interassay analysis, with much tighter values
observed for intraassay variation, as would be predicted (data
not shown). The assay performed well regardless of whether
the nucleic acid was extracted by manual or automated meth-
ods and with two different sets of PCR reagents. These data
suggest that the PCR assay is robust and should be easily
transportable.

While this assay is able to detect RNA from mumps viruses
in genotypes G, D, and A, detection of the SH gene is variable
among strains of wild-type viruses. This variability may result
in mismatches between the primer or probe sequence and the
target sequence, with the potential for not detecting some
mumps strains. However, the SH target proved to be superior
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to either the F or N primer and probe sequences in our labo-
ratory (Fig. 4; data for the N gene are not shown). Thus,
mumps virus culture along with standard RT-PCR (7) and
DNA sequence analysis are still important at the onset of
mumps outbreaks. Other PCR diagnostic tests for mumps virus
detection have been developed previously, including nested
and two-step RT-PCR assays (11, 17, 19, 22). A recent study
describes a successful modification of the real-time RT-PCR,
used by Uchida and colleagues, into a one-step assay (12). The
authors reported a high degree of sensitivity and specificity for
oral specimens but not for urine specimens (12). We indepen-
dently modified the same protocol to a one-step assay but were
unable to achieve acceptable sensitivity and specificity. How-
ever, the real-time PCR assay validated in this study has a
number of advantages, since it is sensitive and specific and
utilizes one-step real-time PCR technology to limit the number
of manipulations, avoiding the risk of amplicon carryover con-
tamination.
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